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Outline

e Brief introduction to OAG

* Basic technologies: Tcl/Tk

- Why and how we use it

— PEM automation environment
* Basic technologies: SDDS

— Why and how we use it

* Data analysis capabilities
* Data logging capabilities

* Process control capabilities
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Brief Introduction to OAG

* Group of accelerator physicists and programmers formed 1n
1995 to “apply the lessons of commissioning to accelerator
operation.”

* We automate the operation of APS accelerators.
* We manage the data logging systems.
* We also write accelerator simulation codes.

* We consistently use Tcl/Tk and SDDS.

Operations Analysis Group Software for EPICS Environments M. Borland, March 18, 2004



Tcl/Tk

e Tcl/Tk 1s our standard scripting language

— Free
— Open source
— Easy to learn

— Extensible

— QGreat for GUIs
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OAG Tcl/Tk

* Tag/value convention for all procedues 1s critical

— Instead of
functionName argl argZ2 arg3

- We use
functionName -tagl valuel -tag2 value?2

- Makes upgrades and reuse easy and robust

— Code 1s far more readable

* OAG widget library for common look-and-feel

e Extensions for (among others)

— Channel access (et_wish)
— SDDS file access

e “Machine procedures” library for accelerator operations
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OAG PEM Environment

e PEM* (Procedure Execution Manager) 1s an Tcl/Tk
environment used for automation

— Machine procedure lists

— Hierarchical, parallel execution

* Critical concept:

— When a human initiates a procedure, the human must
provide “arguments” through a GUI

— When software 1nitiates a procedure, 1t must provide the
arguments and the GUI 1s suppressed

*Written by OAG emeritus C. Saunders
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Simplified Particle Accumulator Ring PEM Diagram
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APSMpPARLETSLartUp started.
APSMpPARLETStartUp: End

Initializing...

Click on Procedure to get information.

Press Execute to run.
APEMpPARLETStartUp: Begin

Panel /

Prj_ntl Sawe As. .. I Email. . . I Expand Dialog. .. I

Machine Procedures Description steps | Print|
PAR LET Main Y 1i Startup LTP Y
AWM DART BT +1. LTP: Turn On DCP3
iggﬂggiﬁ%gggﬁiigggn +2. LTP: Initialize Standardizing -J

. ++1. LTP: Compute Standardizaticon Time
LTP Main ++2. LTP: Configure Standardization
APSMpLTRStartlp ++3. LTP: Initiate Standardizaticn
APSMpLTPEhutdown ++4. LTP: Wait For Standardizaticn
PAR Main [optional)
APSMpPAREStartUp ++5. LTP Ztandardize Finished
ADPSMpPARShutdown +3. LTP: Initialize Degaussing
PTB Main ++l. LTP: Compute Degaussing Tims
EﬁgﬁﬁﬁfﬁstartUp ++z. LTP: Configure Degaussing
APSMpPTEShutdown ++3. LTP: Initiate Degaussing
_ ++d. LTP: Wait For Degaussing (opticnal)

PAR Bypass Main ++5. LTP Degauss Finished
APSMpParBypassitartlp +4. LTP: Wait For Conditioning
APSMpParBypassshutdown ++1. Waiting For Conditioning
PAR LET Utility ++2. Waiting For Conditioning i
igggggiiiggggggggggggspoints Currently Executing Procedures
LTP Utilitwv I
APSMpLTPCleariperture
APEMpLTEDegauss
APSMpLTPStandardize
APSMpLTPEtopConditioning
APSMpLTPTurnOf fDCPS
APEMpLTPTurnonDCPs

APEMpLTPEeroDCPESetpoints

PAR Utilitw
APSMpPARCleariperturs
APEBMpPARConditicon
APSMpPARDegauss
APEMpPARSextBtandardize
APEMpPARStandardizeBQ
APESMpPARStopConditioning

APSMpPARTurnOf fDCES —
ADSMHDARTIrOF FE 1 clars ] ]
Execute Button: ‘v Enable % Disable

Zbort | Executicn Mbde:‘\, Zutomatic # Semi-AZutomatic - Manual|

T Bhort Selection:"
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SDDS

e SDDS = Self-Describing Data Sets

— A stable, general-purpose file protocol
— Generic tools that operate on SDDS files
— EPICS tools that are configured by SDDS files

— Libraries for working with such files
* Multiplatform and open-source

— Solaris, Linux, Windows, OS-X, VxWorks
* Supported languages

— Shell commandline

— C/C++, Tcl/Tk, Python, Java, IDL, MATLAB, FORTRAN
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Why Use Self-Describing Data?

* Programs that use it are much more robust and flexible

— Check existence, data-type, units of data instead of crashing
or doing something inappropriate

— Respond appropriately to the data that 1s provided

e Exit and warn user, or

* Use defaults for missing data

— Data doesn't become obsolete when the program 1s upgraded

* Data sets can evolve without breaking applications

* Multiple uses for one data set are possible

— Helps maintain consistent configuration of multiple
applications
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SDDS File Protocol

e Data model

— File has a sequence of instances of a structure

— Structure contains

e Parameters (scalar values)
e Table

* Arbitrarily-dimensioned arrays (little-used)

* All elements are named.
* Meta-data includes units, description, data type

* Options for binary, ASCII, and compressed storage
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SDDS Toolkits

* Without the Toolkits, SDDS would be just another
boring file format

* Toolkit 1s UNIX-1nspired

e UNIX e SDDS
— Everything 1s a file — Everything 1s a self-
~ Programs are “filters” describing file
operating on ASCII — Programs are operators
streams that transform datasets
— Pipes allow sequencing - Pipes allow sequencing
filters arbitrarily operators arbitrarily
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SDDS and Tcl/Tk

 SDDS and Tcl/Tk complement each other
* Tcl/Tk 1s a good language for GUISs, but

— Lacks data management capabilities

— Not great for computation

* SDDS offers data management, analysis, and
computation, but

— Is not a programming language

— Has commandline user interface
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Examples: Orbit Correction
 SDDS-linked Tcl/Tk GUIs for

— Component status tracking (e.g., “bad BPMs”)
— Correction configuration management

— Starting and monitoring processes
* SDDS-configured processes include

— In-IOC or workstation-based feedback algorithm
— Permission-to-run testers

— Feedforward for x-ray BPM correction and fault tolerance
* All data storage and preparation uses SDDS, including

— Simulation data (response matrix)
— Measurements (feedforward data)

— Configurations and configuration history
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Orbit Correction Configuration GUI

SEHVOrbitCorrecti

Horizontal DC\Vert:i.cal DD\rf;’BPS\
Eead configuration from shomeshelics/oagDatassri/orbitControllaw/lattices/default/h.de
fault/fconfig —
!
Prj.'ntl Save Rs...lEmail...l Expa:nd]:lialog...l
Monitors\cnrrectnrs\
A
11111111112 2 2 2 %2 2 2 %2 2 2 3 3 3 3 3 3 3 3 3 3 41
1 2 34 5 & 78 901 2 3 4 586 78 901 2 34058 7 8 9012 3 456 78 4901
20 H NN NN NNNENNENN NN NN NENENENNEDN NN NN N _
AL |l W N 0 @ N BN EFENNENESNENESESESESE SRR E RN NN NN NN EENEENEN
LA H HE FE FEFEFEEF NN EENESENEENNENNEN EENENENNEN EENENN _ | | H |
A3 | L I [ [ [l [ I [ [l I _ N Bl I |
A2 H @ E @ E N _ N | | | | _ @M EEFEFEFEFEFEEFN NEEFN EEENEEENEN _| | | |
ESH W (@ N @ E N _ S EEEEEEEEEEEEEEEE NN ENEN_ NEEEN | ®N§N | -l
Bl B A E @ EEENEN _§ _§SEEENEN SESFEEFESFEENENEN | | ENEEEN_®mN§N | -ALlL|
Ei H H N N N N N NN NN NN N NN NSNS NSNS EENENN | | ®H | | W | S—
EENM N N EEEFEN ENN | | N NEENENN §NENNEFN | | NENEN _§ | | EHN _
Elf @ @ NN ENEN N NENENENEN H NN NN N NNNENEN RN N
B0 W M @ @@ @@ E N _ NENESNESENENSNENEENEN N NN NN _
0 _ A _
Dl |
D2 |
3 e e e e e e s s o e B [ B o R (i e (| 1 4 1 _
e e e e ol (ol [y [l [y (| 1 4 1 1 _l
Donfig...\Read...\Write...\Generate controllaw files...\Generate compensation files...\
Read configuration
Lattice: default |
Config: =] +| -| |h.defau1t
Description: ["added S3E:P0 and $19B:P0 - os/hb" |
Read(replace)lRead(or}llRead(and)lRead(not}IRefresh g'ood,-‘hadl —
EFM PV type|0 plainvDP|Corrector PY type|v plain # dynamic .. DP /
I =
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BPM Status Management GUI

15:44:46 Done.

15:45:02 0 fields were changed for S1A:P0

15:45:07 0 fields were changed for 2314:P3

15:45:09 0 fields were changed for S1BM:P1 J

rrint| save As...| Email...| Expand Dialog... | ’
% 1. 2., 3 4., 5 8B T 8. 9..10
— o 11 12 - 13 - 14 < 15 - 16 - 17 - 18 - 19 . 20
w2l s 22 . 23 . 24 - 25 . 2B . 2T . 2B . 29 . 30
w31 o 32 .- 33 . 34 - 35 . 38 . 3T . 38 . 3% . 40
Type: ~ &:P0 ~, B:Pl +, B:P2 ~, B:P3 +, A:P4 +, B:P5 +, B:P4d +, B:P3 +, B:PZ +, B:P1 , B:PO
- C:PO0 -, BM:Pl -, EM:PZ ., ID:Pl % ID:P2
DeviceName:
DeviceType: |v gtd - 8 mm - 5 mm - & mm Rot -, 19mm -, ¥ray AB ., HEray ABCD 4 Hray ABEF|
Comments: Cables removed and re-—-installed for bakecut LEr
ElectronicsType: |v Monopulse ., Narrowband 4 Hray
NonexistentH:
ButtonlNameH: W
COkForDCOrbitCorrect ionH: % Yes ., No

OkForFastDCOrbitCorrectionH: |4 Yes . No
OkForRTFesedbackH: & Yes ., No
OkForStesringH: % Yes ., No
OkForLoggingH: * Yes +, No

OkForBeamHistoryH:

ResponseEquaticonH: 822:pP0 4.559 *# g1B:PO -3.559 * +

NonexistentV:
Buttonlamsy: |SlID:P2
OkForDCOrbitCorrect ionV: & Yes ., No

COkForFastDCOrbitCorrectionV: |# Yes . No

< < < <
[ ) ) ]
1] M M i
5} [0 [0 [}
+ L + *
= = = =
o} o] o] o}

OkForRTFeedbackV: % Yes ., No

OkForfteeringV: & Yes ., No

OkForLoggingV: % Yes ., No

OkForBeamHistoryV:

ResponseEquationV: |SZA:PD 4.559 * S1B:PO0 -3.559 * +

‘ Savex’lnstalll Read. .. | Overviewl History (Current dewvice) ”

Set Bad ElO’sl
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Examples: Save/Compare/Restore System

* SDDS request and snapshot files have PV meta-data

— System, subsystem
— Data type (numerical, enumerated)
— Access mode (read-only, protected, manual-only)

— Tolerance

* Tag configurations as “preferred” or “reference”
 Compare configurations, or saved state to present state
 Review all or part of a configuration

e Restore/ramp to all or part of a configuration

* 60k process variables are tracked for APS machines
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Examples: Setpoint Tracking

* S/C/R only manages discrete configurations stored on
demand

* We also monitor changes to “all” setpoints (with
deadbands)

* The PVHistory application allows

— Plot or print history of setpoints

— Rolling back to any point in the past
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MPL Outboard Driver

File HNawvigate Options

Loading files

Done loading files

Plotting data

Done plotting data _J

Printl 5ave Hs...l Email...l Expand Dialog...l

L5:A0TO: PH: Setpointa0 Y Restore Time Stamp
LL:K¥:DCIRF.STTHM ‘2004 3 15 15:46:0 ‘
L5:KY¥:DC2ARF.STTM

L5:KY¥:DC2ARF. TGTM
L5:KY¥:DCZBRF.STTM
L5:PP:phaseadja0
L5:5D:DC1ATQ. TGTM
L5:5D:DC1ARF. TGTM

L5:WH]l :TM:tt1TrigZ28rcMo
L5:WH]l :TM:tt1TrigdPD.DLY
L5:WH]l :TM:tt1Trig5FPD.DLY
L5:WH]l :TM:tt1TrigbPD.DLY
LTP:Hl :Currentad Timing _| Water

LTP:HZ:Currentad all| nene|
LTF:H4: CurrentaO

BFM _| ChicaneMowvers
Diag _| Flippers
FundamentalRF _| Gun
HarmonicRF | MainPs
PulsedP2 | RF
EFConstants _| Scrapers

SteeringP8 _| BteeringSetpoint

[ TS SR S AR S S

LTP:PH3: Betpointa0 1 BB 4 L1 _ L2
LTP:¥1l:Currentad L3 L4 4 L5
LTP:VZ:CurrentaO
LTP:V3: Current a0 - L6 1 LEUTL _| LINAC
:vid:Current 20 I LTP _ LTPl _j LTP2
:RF1 :outerConductor | Laser _| PAR _| FPB
:BF12: envDetl Ch3ay
PCGunl PTE1 PTEZ
:BF12: envDet 2Ch3ay = E =
PTB:H4 : Current20 / -1 PTB3 _j rfGun _j rfGunl
- I rfGunz
nllI Nonel
Eescan PVS' Rescan Active PVS'
show PV History | Plot PV History |
‘J Use tksddsplot‘|4 Bplit Plot| Reviewl |
‘J Strip Initial Values‘ Enable Eestore Button|

Date/Time Range of Interest

Starting date/time (vear, month, day, hour): ‘2004 3 15 DD:DD:DD|

TODAY | -DaY | +DAY | -WEER | +WEEK | -MONTH | +MONTH | -YE2R | +YEAR |

Ending date/time (year, month, day, hour): \2004 3 15 23:59:59|

TODAY | -DaY | +DAY | -WEEK | +WEEK | -MONTH | +MONTH | -YE2R | +YE&R |
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SDDS Toolkit Capabilities

* Display: graphical and text output

* Math: integrate, differentiate, interpolate, normalize, smooth,
peakfind, zerofind, evaluate equations, remove baseline

* Matrix: pseudoinverse, transpose, arithmetic operations

* Statistics: correlate, histogram, outlier removal, envelopes,
column statistics, running statistics

* DSP: (de)convolution, filtering, FFT, NAFF
e Fitting: exponential, polynomial, gaussian, user-defined

* Manipulation: filter, match, sort, merge, collapse/expand
tables, cross-reference/select

 Similar to MATLAB or IDL, but free and open-source
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SDDS Processing Example:
Beam Dump Analysis

o~ 30f

i 2.5/

. 2.0|

O 1.5|

g 1.0|
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= sol L e S
5 Tx] 02 7% 0 7 3%1 0

t (8)

I ' | T
<> edl |
~ a2l |
E 0.1l |
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SDDS Processing Example:
Beam Dump Analysis

~ .0l I ' T
-
- 2.5| i
2.0l i
.
m 1 -5 - / - ]
g 1.9 o i
‘T 0.5 1
I_ G.aL . T ——— — : . — . .
0 Tx1 0% 251 0 & 3104
t (s)
— 1.0F
L,
N 0.8
=)
e 0.6l
| -
C 0.4l
cC
~ 0.2
5 od | I\
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SDDS Processing Example:
Beam Dump Analysis

FCTHorm, Haf

FCTHorm, Hdf

FCTHorm, Hdf

FCTHorm, Half
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SDDS Processing Example:
Beam Dump Analysis

/701
c0|
S01
401
301
201
101

0

FitlturnsHalf]

turnsHalf,

14 12 10 -8 -6 -4
x39b (mm)
Slope: -11.1 1 /mm
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SDDS/EPICS Toolkit Capabilities

e Scalar data collection

— Time-series (sddslogger)
— Time-series statistics (sddsstatmon)

— Glitch- or alarm-triggered with pre- and post-trigger data
(sddsglitchlogger)

— Log-on-change (sddslogonchange)
— Conditional logging supported
* These tools are used for most OAG data logging
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SDDS/EPICS Toolkit Capabilities

* Synchronized collection (sddssynchloq)
- Does timestamp alignment of high-rate data
— Optionally collects related, unsynchronized data
— Supports scalars and waveforms

* Used for on-demand investigation of correlations
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SDDS/EPICS Toolkit Capabilities

 Alarm data collection (sddsalarmloq)

— Space-efficient binary files with coded PV names
— Optional “related PV logging (e.g., status bits)

* GUI applications for alarm analysis and review, including

— Alarm rate vs time
— Alarm counts per PV
— Alarm overlap

— Decoding status bits

Operations Analysis Group Software for EPICS Environments M. Borland, March 18, 2004



Linaa alarms: minor
Z004/3/14@0 - Z004/353/710@24
ControlName
L1:RE2:LFA:Statusce
L1:RG2:QMl:StatusCC
Ll:RGZ:QMd:StatusCcC
Ll :EGZ2:8C2:HE: BtatuscC
L1:RBG32:8C3:HEZ:: Btatusce
Ll:8C2:HZ:BtatusCC
Ll:8C3:HE:8tatusco
Ll1:8C3:VL:BtatusCC
LZ:TW:VE: 00l i controllerD
LAd:TW:VP: 0Ok controllerDi
Ld:TW:VEP: 007 control lerDG
L5:TW:VP:C0d: control lerDG

[y
o
[ R N Nl N S s o )

wtarmm

Indezing... 14:08:13
Processing done. 14:08:13
Counting alarms... 14:08:13
Plotting... 14:08:13

Prj_'ntl Save Az. .. I Email. .. I Expand Dialog. .. I

Linac alarms

Data

+s Booster # Linao ., MPS .- PER - BR ., BE-BPM ., BE-RTFBE ., BRF .. Timing
«w TopUp ., ACIS ., runControl ., SRDCP3-100Hz ., C& Beacon Monitor . Custom

System:

Btart ¥ear/Month/Day/Hour:Minutes : |2004 3 14 0 |

ToDAY | -Day | +Day | -wEEK | +WEER | -MONTH | +MONTH | -vEaR | +YEaR |

End ¥Year,/Month/Day/Hour:Minutes : |ZDDﬂ 3 16 24 |

TODAY | -DAY | +Da¥ | -WEEK | +WEEK | -MONTH | +MONTH | -¥EaR | +YEaR |

Directory: |

Filename: |
Filter: |

Ele S0

BV name match:

Data filtering

PV name exclude:

Severity: |_| MAJOR W MINCR _j INVALID _| NO_ALARM ALl| nene|

Histogram control Count control Printout control

Bin size: |SDD| | Threshold (counts): |0 ‘Sort by : |\, Hams 4 Time|

unit: y. saeconds - hours - davs weeks| Sort by: y. Hams - Counts|

Fixed scale: |# Yes ., No

| HOUR HISTOGRAM | TIME HISTOGRAM | PV’s HISTOGRAM | TOTAL COUNTS | PRINTOUT | POWER SUPPLY TRIP | OVERLAP ANALYSIS | ENABLE| CLE2N UP |
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SDDS/EPICS Toolkit Capabilities

e Waveforms collection:

— At intervals, or when changed (sddswmonitor)

— Simultaneous collection of related scalars

— Get/put to/from SDDS files (sddswget /sddswput)
* Used for

— Beam profile and 1image capture

— BPM fast history capture

— Feedback history capture

— IOC orbit correction configuration
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SDDS/EPICS Toolkit Capabilities

* N-dimensional experiment execution (sddsexperiment)

— Data and statistics collection
— Validity testing
— Subprocess execution

e Used for accelerator and hardware characterization

— Feedback matrix measurement
- X-ray BPM feedforward data collection
— BPM offset measurement

* For direct-user interaction, we prefer the new
ExperimentDesigner script
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Experiment Designer
ExperimentDesigner

File =
13:57:36 Configuration loaded from file Shome/oxygen/BORLAND/sddsEpicsTests/EDOG6/monitorLli
nes
13:57:36 Completely loaded from Shome/oxygen/BORLAND/sddsEpicsTests/EDOGS execution
13:57:36 Completely loaded from Shome/oxygen/BORLAND/sddsEpicsTests/ED0G/ ChangeControl. |
/
Prj.ntl Sawe AZ. .. I Email. .. I Expand Dialog. .. I
ProcessVariables \ Initialization ® Executiu:un]]esign\ DutputFiles \ Postprocess \
Steps|5 Interwal (sj|1 Eun Postprocess after experiment? | # Yes .. No
Output Directory: p|FhomefheliosfBDRLENDfsddsEpicsTests
Cutput rootnams: |test?
Experiment Description: |
Press "Add Exec Entry" button to add the execution steps in order
Type: |ChangeControl SET/VIEW Arquments | INSERT I DELETE | Fa

Type: [WaitTime SET/VIEW Arquments | INSERT | DELETE |

Type: [Readvalue SET/VIEW Arquments | INSERT | DELETE |

Type: |[WaitForUser SET/VIEW Arquments | INSERT | DELETE |

Type: |[RunStatisties SET/VIEW Arquments | INSERT | DELETE |

|
|
|
Type: |[RunProgram | SET/VIEV Arguments | INSERT | DELETE |
|
|
|

Type: |[RunProgram SET/VIEW Arquments | INSERT | DELETE |

|

2dd Exec Entryl clearl

INITIALIZE | RUN | INITIALIZE+RUN | P2UsE| RESUME | TERMINATE | CLEaR ALL | WAME CAPTURE... | I
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SDDS/EPICS Toolkit Capabilities

* Feedback (sddscontrollaw)

— Proportional or integral mode
— Validity testing, change limits, deadbands, logging
— PV controls include locking semaphores

— Will run under VxWorks

* Applications include

— Storage ring orbit control
— Beamline steering

— Linac energy and trajectory control
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Samples:

Mode:

| Log data at every iteraticn

I Runl Infol GetGain...l

j experiment
ained slope= 1 98113?40?4919

Reading readback devices at 246.143463 seconds.
kdﬁﬁﬁtigégé?lng the fit. Reading control devices at Z55.3113Z5 seconds.

Calling controlLaw function at 255.315136 seconds.

Testing access of control devices at 255.31524Z seconds.
ave As.. | Email .| Expand mialog... | Mleetting control devices at 255.315272 seconds.

f|Stats Averade rms mad Largest
K: borflpeadback devices -0.00405 NaN 0 —0.00405 (borland:PM5:H:positionM)
e B Eeadkback device deltas -0.0234 Nal 0 -0.0234 (borland:PMS:X:ipositiconM)
) NControl devices -1.83 Nal ] -1.83 (borland:HS:setCurrentC)

trol EV: Control device deltas 0.00401 Nal 0 0.00401 (borland:H5:setCurrentC)
trol Description: average interval time: 9.125436

o Reading readback devices at 255.315652 seconds. —
Change limit: 1 /
Gain: 0.9t rancel | Abort | Print | Email... | Save as...
Zotion limit: ]
Pause (5): |1D| | i{
Steps: 1000000 a a # B {4

10

|0 Integral - Proportional|

Tests

. BizEn EBeam Off 2
|_, sasave | o [0.00)
HZ3 Beam On Hd /N4 HEG T
PR il
| priz PHe | pris Frl
# i - [16.45
|

- mm BML Current

H3/¥3 H4/¥4 H5/¥5
2.64 5,00 -5,00 -1.,70 5,00
J [ J
initial walue: [-0.1 -1.,40 5,00 -5,00 -0,80
P | [ |
final walue: 0.1

averade:

interval

steps

relative

run. ..

post pause

gain factor:

(s):
(s):

1 Setting borland:HS:setCurrentC to -1.805655=+00
5 Waiting 5.000000 seconds after changing walues
Taking measurements.

5 * Experiment is 80. 00% done.

File updated

0.5 Setting borland:HS:setCurrentC to —-1.755655e+00
Waiting 5.000000 seconds after changing walues
Taking measurements. ..

* Experiment is 100.00% done.

File updated

Ramping borland:H5:setCurrentC from -1.755655e+00 to
-1.855655e+00

Done ramping.

to original?

berlor FAG groabenl, FilfharqarPUS:

Cancel I Abort | Print Email...
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SDDS/EPICS Toolkit Capabilities

* Feedforward (sddsfeedforward)

— Multiple inputs and outputs
- Locking semaphores
— Will run under VxWorks

* Applications
- X-ray BPM gap-dependence compensation
— Rf BPM intensity-dependence compensation
- EMW switching correction

— Septum magnet temperature drift compensation
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SDDS/EPICS Toolkit Capabilities

* Generic optimization (sddsoptimize)

— Simplex or successive 1D scan methods

— Validity testing

— Script option for setting conditions

— Script option for computing penalty function
* Applications include

- Kicker bump matching

— Coupling optimization

— Injector efficiency optimization

— Optimization of simulation results
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Generic EPICS Optimization Interface

ready.

f

Prj.nt.l Save AD. .. I Email. .. I Expand Dialog. .. I

varizhles \ MEeRsUL enent \ testWalues \ runtontrolBy \ logFile \

ADDl Load Variakle PVs from file SAVE variakle P¥Ws to file Clear wvariakbles. .. ‘

chooselKnobFiles:

y& start from present ., start from giwven wvalues

Parameters

Iterations: ISD tolerance: |D.Dl target: |D.D Average:lS
Interval(sj:ID.S Pause(s) : |1 divisions:llZ cycles: |1

Method

‘O-Simplex ~ 10 Bimplex -, 1D8can - squishPVs|

MethodOpt ions

e mazimize minimize||4 freshReading+|l'verbose|w§ MaV - rm5||J testValues‘|J runControl||J measScript

Choose Soript Fileln@asurement script:|

Runl Continuel

Operations Analysis Group Software for EPICS Environments M. Borland, March 18, 2004



SDDS/EPICS Toolkit Capabilities

e Save/restore

— Venerable burtrb/burtwb pair are (mostly) SDDS-
compliant

— New sddscasr program 1s completely compliant
e Faster than burtrb/burtwb
* Server mode with PV controls 1s faster yet
* Waveform save/restore

— Program sddscaramp ramps through a sequence of
snapshots
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Save/
ompare/
Restore

Operations Analysis Group Software for EPICS Environments

Pick a configuration teo use (14:15:34)

File for review/restore selected. (14:15:37)

Making filter category buttons... (14:15:37) —

/

Prj.nt.l Save As... | Email. .. | Expand Dialog... |

Current system choilce: LPL
Mode: |VvSave ~ Compare 4 Restore/Review|
Start vwear, month, day, hour: ||ZDD-'1 |3 IlD ID | Toaz | -pav| +oav| -weEk| +weex| -monrn| +wonti| -vEAR| +vEAR|
End vear, month, day, hour: ||2004 |3 |1T |24 | Tonag | -pav | +oav | -weEk| +weer| -monTH| +wonmi| -vEAR| +vEAR|
Description search string: |*

SEARCH| ROUTTHE-SAVE SEARCH |

: <FromZearchList>
Filename [LPLZ004-077-0317-071719.gz |

COp. Pref. RG1-»PAR->BES 325MeV

~ Il

Description:

|Routine save: A2H C8 CF RGZ130ma/3pulses/LTP~3.0nC/PTE~Z.9nC/BTE~Z.7nC

REWIEW | RESTOERE | RRMPI apoeT RAwe | 0 LOCK @ PROTECT _j SHOW READ-ONLY _j MANUAL FIELDS ONLY _j INVERT SELECTIONS

REVIEW ALL| REMOVE| EXpoRT| ALTER| EDIT| INSTALL| cLEAR|

1 BPM | ChicaneMovers | Diag | Flippers _| FundamentalRF _| Glchal _| Gun
| HarmonicRF _| MainP8 _| PulsedP2 | EF _| RFConstants _| Scrapers _| SteeringPs
_| BteeringfBetpoint | Timing _| Vacuum _| Water

- ser ALL| cLEAR|
1 BE 1 BT® L1 4y L2 L3 L4 L5
| L6 _| LEUTL _| LINAC | LTP _j LTPl _ LTPZ _| LU
| Laser _| PAE | PE | PCGunl _| PTE _| PTEl _| PTEZ
1 PTE3 _j rfoun _| rfcGunl _j rfGunz
- sET ALL| cLEAR|
PV name filter: |*
Predefined filters
Primary LINAC PVs
Linac RF and Timing PVs
Primary PAR/LET PVs
Secondary PAR/LET PVs
!
Choice:

A Invert filter

CLBJ‘-L'RI
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SDDS/EPICS Toolkit Capabilities

e PV creation

— PVs can be created on-the-fly with sddspcas

- SDDS-configured by a file that can also double as
* Data logger input file

* Save/restore input file

— Creates scalar and waveform PVs
— Checks for existence of PVs before continuing

— Handy for development work
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OAG Data Logging System

* For time-series logging, master (SDDS) configuration file 1s
read by a script on each workstation

— Identifies the logger, its rate, inputs, triggers, etc
— Identifies workstations to use for logging, postprocessing
— Defines how long to keep the data
— Defines how to postprocess the data.
* Script 1s run periodically to ensure that all loggers are active

* About 36k PVs are time-series logged

e Intervals from 0.25s to 2 minutes
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OAG Data Logging System

* Most loggers use sddslogger

— Multiple input and output file pairs

e Economize TCP connections

* Reduce multiple connections to a PV

— Jobs run forever, creating a new file for each day
— Supports conditional logging

— Honors “inhibit PV” that prevents logging and restarts
during emergencies (e.g., power outage recovery)

— Supports use of “data strobe PVs” for quasi-synchronous
logging across many loggers and workstations

* Data reviewed through a Tcl/Tk interface or Web
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OAG Data Logging: Unique Features

* OAQG data logging tools offer more than simple time-series or
monitor-based logging

— Conditional logging
— Glitch logging
— Statistics logging
— Synchronized logging of fast data
— Alarm logging with related data
* Loggers are SDDS-configured
— Generate configurations with scripts

— Process configurations like any other SDDS data

* (Custom post-processing and display is easy to develop with SDDS
tools
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Conclusion

* OAG has a powerful set of EPICS tools based on

— Tcl/Tk scripting language
— SDDS file protocol and program toolkits

e This software 1s used to

— Automate APS accelerator operations
— Automate accelerator physics measurements
— Perform data logging, analysis, and display
— Perform feedback, feedforward, and optimization
— Pre- and post-process simulation data
* Software 1s generic and configurable to diverse

applications
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